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canine leptospirosis using antileptospiral antibodies on renal
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Abstract. The purpose of this study was to compare the immunoreactivity in canine renal tissues stained
with antisera specific for 3 leptospiral antigens and those processed with traditional staining methods. In ad-
dition, immunoglobulin staining was done on tissues with immunoreactivity to leptospiral antigens. Formalin-
fixed renal sections from 12 dogs with chronic interstitial nephritis suspected or proven to have leptospirosis
(6 dogs with silver-stained leptospires and 6 dogs in which silver-stained leptospires were not detected) were
used. Antibodies consisted of a monoclonal antibodyeptospira kirschneri serovar grippotyphosa lipopoly-
saccharide (LPS) and 2 polyclonal antibodies to outer membrane proteins, including OmpL1, a leptospiral porin,
and LipL41, an outer membrane lipoprotein. The murine monoclonal antisera against LPS (F71C2-1) had the
most abundant and consistent immunoreactivity. Immunoreactive areas were present in 6 of 6 sections positive
by silver staining and included extracellular granular debris in intertubular areas, debris in macrophages, or-
ganisms in tubular lumina, and cytoplasmic granules in tubular epithelia. Antisera with specificity for the outer
membrane proteins OmpL1 and LipL41 detected only intact organisms in tubular lumina. Immunoreactivity to
OmpL1 (polyclonal 338) occurred in 4 of 5 sections positive by silver staining, but immunoreactivity to LipL41
(polyclonal 813) occurred in only 1 of 6 silver-positive sections. Each of the kidney sections in which leptospiral
antigens were detected by immunohistochemistry also was positive by silver staining. Sections negative by
silver staining were also negative by immunostaining. Although immunohistochemistry did not enhance sen-
sitivity, amplification of signal by secondary antibody and hematoxylin counterstaining improved the ease of
diagnosis and allowed better evaluation of tissue morphology than did silver staining methods. 1gG was the
most abundant immunoglobulin. IgG immunoreactivity occurred predominantly in plasma cells within interstitial
infiltrates. Interstitial infiltrates contained abundant immunoreactivity to LPS, but immunoreactivity to OmpL1
and LipL41 was not noted.

Leptospirosis, one of the most widespread zoonosesperged as an important renal and hepatic disease of
is a reemerging disease of ddgSince the first de- dogs in North America*52?
scription in 1899, canine leptospirosis in the United Clinical diagnosis of leptospirosis can be challeng-
States has traditionally been associated Wwi#ptospi- ing, and multiple concurrent diagnostic methods are
ra interrogans serovars canicola and icterohaemopften used. Clinical signs are often nonspecific and
rhagiae. The use of vaccines containing these serovanr@y include fever, myalgia, anorexia, vomiting, and
has markedly reduced the incidence of leptospirosisdmarrhea’?® Hematuria and jaundice also may be not-
dogs!i® In the last decade, leptospirosis caused ®d. Serologic tests include the microscopic agglutina-
Leptospira kirschneri serovar grippotyphosa andin- tion test’ and the enzyme-linked immunosorbent as-
terrogans serovars pomona and bratislava has reay? Fluorescent antibody testsjark field micros-
- copy, culture, polymerase chain reaction (PCR) assays,
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spires in fixed tissues. However, difficulties with thiser stains for leptospirésand 3 antisera for immunohisto-

method arise because of extensive reticulin stainiggemical detection of leptospiral antigens. For immunohis-
and inability to recognize leptospiral fragments, espg)_chemlcal staining, tissues were deparaff!nlzed Wlth_xylene,
cially if few organisms are present. Darkfield microg€hydrated through graded alcohols, and incubated in work-

; ; ; ; g Tris (pH 7.6) for 15 min at 37 C followed by pretreat-
copy is an excellent screening tool for urine but is drﬂem with 0.1% trypsin in 0.1 M Tris HCI (pH 7.6) with

IO\.N serl1§1|t|V|ty, and organism sheddl_n_g can be m.t%'.l% CacCJ for 5 min at 37 C. Nonspecific staining of tissue
mittent. PCR_ assays _Can be speC|f|C_ and Sens't'ggctions was blocked using 10% normal goat serum with
but are not widely available:® Culture is the gold incypation at room temperature for 20 min prior to incuba-
standard of diagnosis, but leptospires are difficult f@n overnight at 4 C with primary antibody. Three primary
culture and may take many months to grow, and Cuintisera were used at the stated dilutions: monoclonal anti-
tures are susceptible to contamination. body F71C2-1 (1:12,000) to serovar grippotyphosa LPS,
Immunofluorescent methods for detection of renablyclonal rabbit antibody 813 (1:5,000) specific to the outer
leptospires were developed many years a8 but membrane protein L.i[Z.)L41, and polyclonal rabbit antibody
were performed using whole leptospires or crude preF8 (1:6,000) specific to the outer membrane protein

arations2242” The 3 antisera used for the present stu __mle. Description and preparation of rabbit polyclonal an-

ies were purified murine monoclonal antibody F71C§r'-sera to LipL4®® and OmpL 1" have been previously pub-

1 with specific immunoblot reactivity to the serova ished. Controls included normal rabbit serum without pri-
. . . . rnary antibody. Unbound primary antibody was removed by
grippotyphosa _Ilpop_olysacc_har_lde (LPS) ant@é’h, rinsing with Tris, and tissues were incubated at room tem-
polyclonal rabbit antibody with immunoblot reactivityperature for 30 min with biotinylated goat anti-mouse im-
to a leptospiral outer membrane protein Ompladnd  munoglobulin (monoclonal antibody F71C2-1) or biotiny-
polyclonal rabbit antibody with immunoblot reactivitylated goat anti-rabbit immunoglobutipolyclonal antibod-
to a surface-exposed lipoprotein LipL4%.In recent ies 813 and 338). After washing, sections were incubated for
immunohistochemical and immunoblotting studies, th min at room temperature with streptavidin—alkaline phos-
expression and distribution of specific leptospiral afhatase,and enzyme reactions were developed using a New
tigens have been characterized during infection f!chsin staining systemSlides were counterstained in he-
hamsters:20 Although previous studies have addressdpatoxylin for 1 min, dehydrated through graded alcohols
the role of immunoglobulin and leptospiral antigen iR"d Propar, and coverslipped. Immunoreactivity was graded
interstitial inflammatory infiltrate3!® a relationship according to the following criteria: negative Y = no foci,

. . - . + = mild, <3 foci, ++ = moderate, 4-9 foci, anét++ =
between immunoglobulin and specific leptospiral a@.‘_evere and extensive;10 foci per histologic renal section.
tigens has not been described. The purpose of thi§mmunoglobulin staining. Sections were immunohisto-
study was to evaluate the immunoreactivity of thessemically stained to identify canine IgA, 1gG, and IgM in
antisera as a diagnostic tool in tissues obtained frahe plasmacytes of chronic inflammatory foci. Tissues were
dogs with interstitial nephritis and to relate immunodeparaffinized in xylene and rehydrated through graded al-
reactivity to specific leptospiral antigens with the pregohols. Antigen retrieval was performed on slides preheated

ence of immunoglobulins within inflammatory foci. t0 37 C by microwaving for 1.5 min at 630 W followed by
5 min at 180 W in Tris (pH 10) buffer. Primary antibody

M aterials and methods was applied at the following dilutions: 1gG, 1:30,000; IgA,
1:5,000; and IgM, 1:2,000. Endogenous peroxide activity
Dogs. Cases of suspected leptospirosis< 12) were re- was blocked by the addition of 3% hydrogen peroxide so-
trieved from the archives of the Department of Veterinarnytion for 2 min. Following 2 rinses in working Tris, sec-
Pathology at lowa State University. Selection was based gAdary antibody(rabbit anti-goat for IgG and IgM and goat
a morphologic diagnosis of chronic interstitial nephritisanti-rabbit for IgA) was applied for 15 min. An additional 2
clinical evidence of acute febrile disease, and documentgfises were performed then streptavidivas added at a 1:
or suspected leptospirosis. These cases were divided intgd® dilution and the chromogen 3-amino,9-ethylcarbazole
groups: group 1 included 6 dogs in which leptospires wetgas applied for 20 min. Slides were counterstained with he-
detected by silver staining of tissue, and group 2 includedrBatoxylin and coverslipped. Immunoreactivity was subjec-
dogs in which leptospires or leptospiral fragments were neively assessed as the percentage of reactivity of the total
observed in tissue sections. Lesions of interstitial nephrifigasma cells for each immunoglobulin.
were subjectively graded according to degree of inflamma-
tion that included foci of plasma cells, lymphocytes, and Results

lesser numbers of macrophages and neutropkhils: neg- . . S . . .
ative, + = mild, ++ = moderate, and-++ = severe and Histologic changes in kidneys consisted of intersti-

extensive. tial nephritis characterized by multifocal to coalescing
Immunohistochemistry. Modifications of previously de- infiltrates with plasma cells, lymphocytes, and occa-
scribed immunohistochemical technigéiegere used. Serial Sional macrophages and neutrophlls_ Iocat_ed in cortical
5-um sections of kidney were placed on positively chargeand medullary areas. In some sections, inflammatory
slides and processed using hematoxylin and eosin (HE), sfieci also were located in the renal pelvis. Proteina-
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+ g s 3 Table 1. Immunohistochemical reactivity of renal tissue from
4 0 \
i B N 4 2 dogs with chronic interstitial nephritis and acute tubular necrosis.
A & o VA PO Positive control tissue had positive reactions in all tests; negative
o ] A . & " ©  control tissues were all negative.
| 3 ’ ‘ " LT o d
. v 3 [ i i
. ' .'q At Dog Age Immunohistochemistryt
= f - ‘.'L. o - I & no. (yr) Sex Nephritis* F71C2 813 338
BN \, }' 4 f) 3 Slver stain positive for leptospires
‘ ' B g #
P ped ,x‘ S 1 5 M +++ o+ - +
L N e | s 2 3  CMm% +++ +++ - NA
-
“ o "": i e 3 8 M +++ + - +
6‘- = e 0 s 4 6 M +++ + - -
y o @ ¥ HJ 5 2 F +++ +4++ - +
‘.; :. Ve 2 A . 6 5 M +++ + + +
o= ) ) Slver stain negative for leptospires
Figure 1. Immunohistochemical staining of leptospiral antigens 7 2 M + _ _ _
with polyclonal 338 (monospecific antisera to OmpL1) is associated g 2 M + — _ _
with organisms attached to the microvillous surface of a canine g NA CM T - - -
proximal convoluted tubule. Immunoreactivity is limited to tubular 10 8 F + — _ —
lumen and is not present in adjacent peritubular tissue, blood vessels; 7 M T4 — - -
or distal tubule top right). 12 6 CM ++ - - _
* — = negative;+ = mild; ++ = moderate+++ = severe and

ceous precipitates were common in urinary spaces asxknsive.

tubular lumina, and peritubular basement membraneg Stain amount/intensity; = negative;+ = <3 foci; ++ = 4—

were thickened; some dogs also had evidence of fufoci; +++ = >10 foci. F71C2= monoclonal antibody td..

bular necrosis. In silver-stained sections from dogs £HPPoyphosa lipopolysaccharide, 1:12,000 dilution; 818 mono-
. . . - Specific rabbit antiserum against outer membrane protein LipL41, 1:

6, organisms were present in variable numbers withéfhog dilution; 338= monospecific rabbit antiserum to OmpLI, 1:

tubules, and intact and degenerate leptospires wef@o dilution.

present in proteinaceous tubular casts. 1 CM = castrated male.

Each case that had silver-stained leptospires also ha8iNA = information not available.

immunoreactive foci with at least 1 of the antibodies

used. Cases that were negative by silver stain alsombers of plasmacytes stained for IgM. Rare plas-

were not immunoreactive. Positive anti-OmpL1 reaenacytes in these foci stained for IgA, although in 4

tivity was restricted in location to the nephron andogs IgA-positive cells were present.

largely limited to microvillous surfaces of proximal i )

convoluted tubular epithelial cells (Fig. 1). Immuno- Discussion

histochemical staining for LipL41 was observed 1 dog Immunohistochemical reagents prepared against

(Table 1) and was associated with intact organisms #&ptospiral antigens are useful aids in diagnosing ca-

tached to the microvillous surface of a proximal con-

voluted tubule. Immunoreactivity was limited to the

tubular lumen; it was not present in adjacent peritu- = =% ;
bular tissue, blood vessels, or distal tubules. In con- M} r ] o e
trast, immunoreactivity to serovar grippotyphosa LPS, e NS Bp s - J

(F71C2-1) was copious and antigens were detect_édf&“ _
within proximal convoluted tubular epithelium (Fig. S :
2), in adjacent peritubular connective tissue, and in. & ¢
distal tubular epithelium. In dogs 1, 2, and 5 there r
were extensive areas within the renal cortex that con- * /.* © ;

. . . LY T a
tained large amounts of leptospiral LPS (Fig. 3). In T8 - < .
. . . . L. L. ! " TR W
addition, macrophages in foci of interstitial nephritis 5= = ~ w5
contained intense staining for leptospiral LPS antigen _ ~ "

(Fig. 4).

The majority (65%) of plasmacytes in areas of in- ) _ o _ )
flammation contained 1gG. Abundant immunoreactiv- Flgure' 2. Im_munohlstochemlcal staining (_)f a sectlo_n serial to
. . . P that in Fig. 1 with F71C2-1 (monoclonal antibody ko grippoty-
ity t_o LPS was Pr‘?sem n _these mters_tltlal mﬁltrgte osa lipopolysaccharide). Immunoreactivity is abundant within
but immunoreactivity to antigens associated with intagfoximal convoluted tubuiar epithelium, in adjacent peritubular con-
organisms (OmpL1, LipL41) was not noted. Smallafective tissue, and in distal tubular epithelium.
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Figure 3. Marked immunoreactivity of antigens in peritubular Figure 4. Chronic interstitial inflammatory cell infiltrate with
interstitium of the canine kidney with F71C2-1 (monoclonal antimmunoreactivity to F71C2-1 (monoclonal antibody lto grippo-
body to L. grippotyphosa lipopolysaccharide). Section adjacent tdyphosa lipopolysaccharide). Antigens present in macrophages with-
that of Fig. 1. The reactivity is present in macrophages, necroiit a focal area of plasmacytes.
cells, and tissue debris.

nine leptospirosis. Although the immunohistochemicd3'S is not expected. OmpL1 and Lipl.‘41 are anti-
<?n|cally conserved among pathogerlieptospira

technique used here did not increase the sensitivityi% v h f h o
diagnosis as compared to silver staining methods, tRpecies;’ so the presence of Intact pathogenic lepto-

sues stained immunohistochemically were easier gpires of any serovar C.OUId potentially r_esult in im-
evaluate. The high level of immunoreactivity to th&hunoreactivity when using polyclonal antisera 338 or

monoclonal antibody for leptospiral LPS in the neph=—2° . . - .

ron and surrounding tissue reduces the time requiredl;rhe presence of leptospiral antigens in intact intra-
for evaluation, and hematoxylin counterstaining allow&Pular locations and within interstitial macrophage
for improved tissue evaluation over silver-stainingYtoPlasmic granular debris confirms results of previ-
methods. Sites immunoreactive with antisera assof!S studies Leptospiral antigens have been demon-
ated with intact organisms (OmpL1 and LipL41) tenos_trgted by immunohistochemistry in renal tubules and
ed to be few in number. but the red areas of immdperitubular macrophagés?2”.28In most of these stud-
noreactivity could be easily distinguished from suf€S, the immunofluorescent or immunoperoxidase
rounding tissue. Amount of immunoreactivity to thét@ining procedures used were associated with loss of
different antisera may reflect the relative expression B§Sue structural integrity, resulting in difficulty in as-

the leptospiral antigens against which the antisera &@gSSment of lesion location. In macrophages, intact or
prepared? discrete leptospires have not been demonstrated im-

Previous immunoperoxidase staining of renal higdunohistochemically nor have they been seen by ul-
tologic sections of hamsters with acute tubular necrodf@structural examination. o _
caused byt.. interrogans serovar canicola had reactiv- The interstitial inflammatory infiltrate in renal lep-
ity for intact leptospires and granular deposits in perfoSpirosis is composed of lymphocytes, monocytes,
vascular location® Only the homologous serovar waglasma cells, and occasional neutrophil&:272%Lym-
agglutinated by monoclonal antibodies, indicating th@&hoplasmacytic lesions in dogs are strikingly similar
the recognized epitope is a surface-exposed antigefP renal lesions of leptospirosis in hum&fh3hese in-
Individual serovars may cause different expression Bitrates are thought to function in local production of
bacterial surface components during replication iantileptospiral antibody and phagocyto$isRenal
vivo. In vivo adaptation by pathogenic leptospires applasma cell populations in canine leptospirosis caused
pears to involve a differential expression of outddy L. interrogans serovar canicola have been previ-
membrane components, including proteins and EPSpusly determined to contain predominantly 1§Gn
Tissues used in this retrospective study were not ctite present study, 65% of the plasma cells contained
tured for leptospires; therefore, it was not possible 1gG and 35% of the plasma cells in inflammatory foci
identify which leptospiral serovar was present in imwere IgM bearing. Immunoreactivity for LPS is abun-
munoreactive cases. However, the murine monoclorint in areas of interstitial inflammation where im-
antibody F71C2-1 has specific immunoblot reactivittnunoglobulin immunoreactivity occurs. However, it is
to serovar grippotyphosa. Cross-reactivity to other semdrrently unknown if the immunoglobulin immunore-
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activity has a temporal relationship to the progressidf-
or resolution of canine leptospiral infections.

Renal immunohistochemistry with formalin-fixed, ;
paraffin-embedded tissues using antisera with immu-
noblot specificity to leptospiral LPS or outer mem-
brane components is a useful aid in diagnosis of canine
leptospirosis from tissues taken by biopsy or necropsy:
This technique is an improvement over previous im-
munohistochemical means of diagnosing leptospirosis
in the dog, where antisera were not immunoblot spe-
cific and staining procedures resulted in a loss of tissue
integrity. Use of this technique in experimental studies
could help further define the pathogenesis of canine
leptospirosis by pinpointing antigen location at differ-
ent stages of infection. 15.

Acknowledgements

We thank Dr. Rudy Hartskeerl for his generous gift 0%6
F71C2-1 monoclonal antibody, Ms. Elise Huffman for hejy
excellent technical assistance in immunohistochemical stain-
ing, and Dr. Claire Andreasen for her valuable comments
and suggestions. 18.

Sour ces and manufacturers 1
Surgipath Medical Ind., Richmond, IL.
Dr. Rudy Hartskeerl, Royal Tropical Institute, Amsterdam, The
Netherlands. 20.
Kirkegaard and Perry Laboratories, Gaithersburg, MD.
Vector Laboratories, Burlingame, CA.
Zymed, South San Francisco, CA.
21.
References

Adin CA, Cowgill LD: 2000, Treatment and outcome of dogs o
with leptospirosis: 36 cases (1990-1998). J Am Vet Med Assoc
216:371-375. 23.
. Alves VA, Gayotto LC, Yasuda PH, et al.: 1991, Leptospiral
antigens I(. interrogans serogroup icterohaemorrhagiae) in the
kidney of experimentally infected guinea pigs and their relation
to the pathogenesis of the renal injury. Exp Pathol 42:81-9324.
Barnett JK, Barnett D, Bolin CA, et al.: 1999, Expression and
distribution of leptospiral outer membrane components during
renal infection of hamsters. Infect Immun 67:853—861.

. Birnbaum N, Barr SC, Center SA, et al.: 1998, Naturally acs.
quired leptospirosis in 36 dogs: serological and clinicopatholog-
ical features. J Small Anim Pract 39:231-236.

. Bolin CA: 1996, Diagnosis of leptospirosis: a reemerging di6.

ease of companion animals. Semin Vet Med Surg (Small Anim)

11:166-171.

Brown CA, Roberts AW, Miller MA, et al.: 19986, eptospira

interrogans serovar grippotyphosa infection in dogs. J Am VeR7.

Med Assoc 209:1265-1267.

. Cheville NF, Huhn R, Cutlip RC: 1980, Ultrastructure of renal
lesions in pigs with acute leptospirosis causedleptospira  28.
pomona. Vet Pathol 17:338—-351.

. Churukian CJ, Schenk EA: 1988, A Warthin—Starry method for
spirochetes and bacteria using a microwave oven. J Histotech@aél
11:149-151.

. Coffin DL, Maestrone G: 1962, Detection of leptospires by fluo-

rescent antibody. Am J Vet Res 23:159-164.

Cole JR, Sulzer CR, Pursell AR: 1973, Improved microtech-
nique for the leptospiral microscopic agglutination test. Appl
Microbiol 25:976-980.

. Haake DA, Champion CI, Martinich C, et al.: 1993, Molecular

cloning and sequence analysis of the gene encoding OmpL1, a
transmembrane outer membrane protein of pathogeeito-
spira spp. J Bacteriol 175:4225-4234.

Haake DA, Chao G, Zuerner RL, et al.: 2000, The leptospiral
major outer membrane protein LipL32 is a lipoprotein expressed
during mammalian infection. Infect Immun 68:2276-2285.
Haake DA, Martinich C, Summers TA, et al.: 1998, Character-
ization of leptospiral outer membrane lipoprotein LipL36:
downregulation associated with late-log-phase growth and mam-
malian infection. Infect Immun 66:1579-1587.

Haake DA, Mazel MK, McCoy AM, et al.: 1999, Leptospiral
outer membrane proteins OmpL1 and LipL41 exhibit synergistic
immunoprotection. Infect Immun 67:6572—-6582.

Harkin KR, Gartrell CL: 1996, Canine leptospirosis in New Jer-
sey and Michigan: 17 cases (1990-1995). J Am Anim Hosp
Assoc 32:495-501.

. Kalin M, Devaux C, DiFruscia R, et al.: 1999, Three cases of

canine leptospirosis in Quebec. Can Vet J 40:187-191.

. Low DG, Hiatt CW, Gleiser CA, et al.: 1956, Experimental ca-

nine leptospirosis. ILeptospira icterohemorrhagiae infections

in immature dogs. J Infect Dis 98:249-259.

Mclintyre WIM, Montgomery GL: 1952, Renal lesions liep-
tospira canicola infection in dogs. J Pathol Bacteriol 64:145—
160.

Morrison WI, Wright NG: 1976, Canine leptospirosis: an im-
munopathological study of interstitial nephritis dueLtgptospi-

ra canicola. J Pathol 120:83-89.

Pereira MM, Andrade J, Lacerda MD, et al.: 1997, Demonstra-
tion of leptospiral antigens on tissues using monoclonal anti-
bodies and avidin—biotin peroxidase staining. Exp Toxicol
Pathol 49:505-511.

Prescott JF, Ferrier RL, Nicholson VM, et al.: 1991, Is canine
leptospirosis underdiagnosed in southern Ontario? A case report
and serological survey. Can Vet J 32:481-486.

Rentko VT, Clark N, Ross LA, et al.: 1992, Canine leptospirosis.
A retrospective study of 17 cases. J Vet Intern Med 6:235-244.
Ribotta MJ, Higgins R, Gottschalk M, et al.: 2000, Development
of an indirect enzyme-linked immunosorbent assay for the de-
tection of leptospiral antibodies in dogs. Can J Vet Res 64:32—
37.

Scanziani E, Luini M, Fabbi M, et al.: 1991, Comparison be-
tween specific immunoperoxidase staining and bacteriological
culture in the diagnosis of renal leptospirosis of pigs. Res Vet
Sci 50:229-232.

Shang ES, Exner MM, Summers TA, et al.: 1995, The rare outer
membrane protein, OmpL1, of pathogehrptospira species is

a heat-modifiable porin. Infect Immun 63:3174-3181.

Shang ES, Summers TA, Haake DA: 1996, Molecular cloning
and sequence analysis of the gene encoding LipL41, a surface-
exposed lipoprotein of pathogeriieptospira species. Infect Im-
mun 64:2322-2330.

Sitprija V, Pipatanagul V, Mertowidjojo K, et al.: 1980, Patho-
genesis of renal disease in leptospirosis: clinical and experi-
mental studies. Kidney Int 17:827-836.

Taylor PL, Hanson LE, Simon J: 1970, Serologic, pathologic,
and immunologic features of experimentally induced leptospiral
nephritis in dogs. Am J Vet Res 31:1033-1049.

van den Broek AHM, Thrusfield MV, Dobie GR, et al.: 1991,
A serological and bacteriological survey of leptospiral infection
in dogs in Edinburgh and Glasgow. J Small Anim Pract 32:118—
124.



